A newsemiempirical equation of state applicable both to non-polar and to polar substances was developed, by a modification of the perturbation theory. This equation is composed of four terms, each characterized by one of the four kinds of interactions: repulsion, symmetric, non-polar asymmetric and polar asymmetric interactions. For the first one, the hard convex fluid equation of Boublik was used. The functional forms of the second and third ones were determined by analogy to the Pade function of Stell and the second virial coefficient equation of Tsonopoulos. The last one was approximated by the polar deviation function of Stell. The universal constants of the second and third terms were obtained by use of the P-V-T data of the reference substances having the corresponding interaction. Four characteristic parameters, with well-defined physical meaning, were required to characterize the pure substances. The values of these parameters are presented for non-polar and polar substances. The proposed equation produced good correlation results for the P-V-T relations of the non-polar and polar substances, except in the critical region of polar substances.
where ZQiard sphere) is the hard sphere repulsion compressibility factor and Z{attraction) the attraction compressibility factor. Empirical and semiempirical functional forms of Z {attraction) have been proposed by many investigators.1' 4' 9' 10' 15' 21* Almost all of these studies adopt the standpoint that the contributions of all kinds of attractive interactions can be expressed in a single function ofZ. This should be quite realistic for substances whose polarity and structural complexity do not widely differ. Because the corresponding state principle suggests that all substances whose intermolecular potentials have the same functional form can be represented by a com- (2) deriving from empirical modifications of the perturbation theory. The first term on the right-hand side of Eq. (2) denotes the compressibility factor of a hard convex fluid. The second term represents the contribution of the symmetric interactions characteristic of a simple spherical molecule, and the third term the contribution of the asymmetric interactions.
The advantages of this approach are the following two points:
1) The effects of each interaction can be estimated, although semi-empirically, separately from the P-V-T data of some reference substances, each of which has at least one of the representative interactions, and 2) Equation (2) maybe extended more reasonably than the usual methods even to asymmetric mixtures, because the characteristic parameters which appear in Eq. (2) may be given well-defined physical meanings.
Equation of State for a Simple Spherical Substance
For the compressibility factor of a hard convex fluid in Eq. (2), the following Boublik expression5) is adopted.
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(1-I)3 (3) where r\ is the packing fraction which is defined by the ratio of the total volume of hard convex molecules to that of the system and a the characteristic parameter which represents the asphericity of a molecule. In the case ofa= 1, Eq. (3) reduces to the Carnahan-Starling hard sphere equation,8) and rj is expressed as: rj =^cr3 y=0.7404S^ (4) where o is the collision diameter and V the close packed volume.
To derive the second term of Eq. (2) -6) , are determined empirically from the P-V-T data of the reference system. By analogy to Eq. (A-l), the Helmholtz free energy of a simple spherical substance is expressed semi-empirically as:
where
The reduced temperature T* is defined as:
where f is the characteristic temperature. Next, in order to express the second virial coefficient, the second term on the right-hand side of Eq. (5) is separated into two terms
That is, the first term on the right-hand side ofEq. (8) corresponds to the second virial coefficient. Referring 346 to the equation of Tsonopoulos,26) the functional form of AX(T*) is defined as: ax(t*)=c8/r*+c9/r*2+clo/T*3+cn/T*s (9) while that ofA2{T*) is defined empirically as the same form of Ax(T*y A2(T*)= C12/T*+ C13/r*2+ C14/r*3+C15/T*8 (10) From Eqs. (3) , oi2 a/i + nw-^jj (12) In any perturbation theory,2>28) the hard sphere diameter is so determined as to improve the convergence of the perturbation expansion series. It has been found that the hard sphere diameter is a decreasing function of temperature. In this work, the temperature dependence of V is adopted from the following relation proposed by Chen et al9) as: into two terms, the contributions of non-polar and polar interactions.
The acentric factor, co, is widely used to express the acentricity of a molecule. Therefore co is chosen as the characteristic parameter in non-polar interactions, and the first term on the right-hand side of Eq. Tables 1 and 2, respectively. As can be seen from Table 3 shows the results of prediction of saturated P-V-T relations. Figure 2 shows a comparison of the calculated and experimental vapor pressures of methane, toluene and m-xylene and Fig. 3 those of the calculated and experimental P-V-T relations of hydrogen. Agreement is good except in the critical region.
Equation of State for a Polar Substance
In this study, carbon dioxide and ethylene were chosen as quadrupolar substances while 14 substances were studied as dipolar substances. In Sects. 1 and 2 the functional forms of Z of symmetric and non-polar In Eq. (20), ii* and g* are the reduced dipole and quadrupole momentsrespectively as:
where s is the energy parameter in potential function. Based on the assumption that the force constants in the intermolecular potential function are proportional to the characteristic parameters as:
Eq. (22) was modified as:
li*=fi/(kTF)112 , g*=QI(kTF5iyi2 (24) where k is Boltzmann's constant and F is defined as: "-^ (25) where NAis Avogadro's number, /fS(X) for n=6, 8 and 10 in Eq. (20) are listed in Appendix. From Eqs. (20) to (26), the polar contribution of Z is derived. As pointed out by Leland, 16) it seems reasonable that dipole and quadrupole moments are taken as fitted parameters to also represent all other polar interactions which are neglected in this treatment, such as dipole-induced dipole and multipole-dispersion interactions. Moreover, the proportional constants of Eq. (23) are not always the same for all polar substances. Therefore, for a dipolar substance the three parameters, f, Vo and /a were determined from the saturated P-V-T data. For a quadrupolar substance the four parameters, f9 Vo, Q and COH(a is obtained from Eq. (19)) were determined from the saturated P-V-T data. The values of these parameters are shownin Table 4 . Figure 4 shows a comparison of the calculated and experimental vapor pressures of ammonia, water and methyl alcohol. Figure 5 shows the results of coexisting liquid and vapor densities of ethyl alcohol and ethyl acetate. A comparison of the calculated and experimental P-V-T relations of ammonia is shown in Fig. 6 . of saturated P-V-T predictions for polar substances.
In this case agreement between the calculated and experimental P-V-T relations were not as good as in the case of non-polar substances. The error becomes large when the temperature is close to critical. Figure  7 shows the contribution of each interaction term of methyl alcohol at 7^=0.8. It can be seen from Fig. 7 that the polar contribution is about 10 times greater than the non-polar. The discrepancy near the critical point may be due to the polar term. While Eq. (26) is useful for practical application in predicting the thermodynamic properties of polar substances, this discrepancy maysuggest that it is necessary to research the further treatment of polar interactions. 
